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modeling the ocean
?can/should we move

from bgc to ecology?

cosimo solidoro
csolidoro@inogs.it
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ICTP’09 advanced shool complexity adaptation-and:

NATURE IS COMPLEX
AND FULL OF DETAILS WHICH MAKE A DIFFERENCE

CAN WE STILL AFFORD TO MODEL IT AS 50 YEARS AGO?
(AS FIRST ORDER KINETIC CHEMICALS ?)

DO WE KNOW ANY BETTER?
CAN WE AFFORD MORE COMPLEX REPRESENTATION?
IS THIS WORTH ?
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two words about MODELS

Knowledge, in every field, is the result of a number of
steps:

O gathering of empirical information, also through
collection direct observation

O empirical understanding of phenomena (i.e.
identification of relationships among vairables).

Q theoretical understanding of relationships among
vairables, (hypothesis of cause- effect mechanisms,
identification of conceptual models, guantitative
understanding of phenomena (set up of a THEORY)

O collection new data for corroboration /falsification
model

O application of the model to new problems
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a model is an ideal
representation of
selected aspects of
reality

“Art is a lie that helps
us to realize the truth”.
(picasso)



a model captures selected essential features/particular
aspects of reality.

“Art is a lie that
helps us to
realize the

truth”.
(picasso)

WHERE IS REALITY ??

THERE IS NO REALITY . o |
(nor real women) just cartoon d rleallty there can be different
¥dels....

ALL ‘wrong’ , ‘difunctional’ and ‘incomplete’
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2) A model would serve for certain purposes but not for
others

Account for known relationships
May be complex

REALISM
(functionality)

theoretical

functional

applied models

GENERALITY - > ACCURACY
Applicable in most situations ( p e I‘fO rmance )
Don’t predict specific outcomes well
Typically “simple”

Good for exploring relationships

Accurately describe specific situations

May perform worse in other situations
Typically detailed




Regents Park
Maida Vale Finsbury

Bloomsbury Smithfield
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You do not need to know m:::;

Hyde Park |\ Piccadilly

(consider) everything to learn 2]

9 knightsbridge
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Chelsea
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Every model is ‘difunctional’ to some degree:

(the only perfectly representation of nature is nature)

When you go sailing you assume the earth is at
the center of the universe..

NPD ocean model assumed zooplankton makes
phtosysynthesis ....




ICTP'09 advanced shool complexity adaptatic

S N o .
O S

ocean models usually are:

REALSIM

deterministic / \

process oriented GENERALITY = - ACCURACY

(simple),

spatially resolved (coupled to transport models)
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Streeter and phelps (1927)

jorgensen (1976)
nyholm (1974)

riley (1958)
fasham (1993)

baretta et al. (1996)

Storage in GIC
Fluxes in GIC/yr

Biogeochemical models quantitatively describes element(s)
(chem) flux(es) through biotoic (bio) and abiotic (geo) phases,
As a function of external conditions.

http://earthobservatory.nasa.gov/Library/CarbonCycle/carbon_cycle4.html




Focus on NUTIRENTSs

rather than on
ORGANISMs

Chemisrty rather than
biology

Biogeochemical cycles:

Nut-> plancton ->
-> pesci -> detrito-
-> disciolto -> nutriente

..+ benthic-pelagic
processes ...




) T D - o
S N

ICTP'09 advanced shool complexity adaptation and:

DETERMINISTIC MODELS

Basic idea:

1. a system (the piece of reality we are interested
in) can be efficiently described by a finite
number of variables (state variables),

2. both the system and its evolution in time can be
explained as a function of interactions (input,
boundary conditions, controls) among the
system and the remaining part of the universe
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Per ogni comparto posso fare ‘bilancio’ (somma
analitica flussi) ..

dX ,
— = sources — sinks

dt
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Biogeochemical flux Model
Set of Advection-Diffusion-Reaction equations:
Conservation laws with source and sink terms

physics
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Coupling hydrodynamical and biological modules

generic passive tracer

generic active tracer

proper time scale (x-y vs z; biology “slow”)

standard formulation
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0D application

orrizont. omogeno 1D

vert. omogeno 2D
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Numerical Integration

forcing and parameters

physic submodel biological submodel

COUPLING

new state

Operator splitting technique:
forcings and parameters are
input for each of the two
subsystems for the derivative
computation in the proper time
step. The derivatives are
coupled afterwards, allowing
different time steps for the two
processes and therefore
optimising the computational
resources




1-10 years
100m - 50 km

Dickey 2001
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Subgrid parameterization=
closure= details not explicitly considered,
their effects ‘somehow’ included
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reductionstic systemic (holistic)
(mechaniscistic?)
Whole <> sum of parts
whole= sum of parts
every descrition is an
the higher the number approximation
of details the better Focus on selected details
System description only and paremetrize
what is left out

modelers can’t be (only)
reductionistics
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The BIOLOGICAL term
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The BIOLOGICAL term
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The BIOLOGICAL term
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azam, fenchel, thingstand, rassoulzadegan

Bacteria play an
important role in
trophodynamics,
by fuelling enregy
matter through
higher trophic
level.

They decompose
DOC, are grazed
by microzoo,
inturn grazed by
meso0zoo.
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Fig. 1. Flow diagram of the modal, illustrating sourcas, sinks and cycling
procasses. Parameterization of various flows is indicated. Sae text for
explanatico and equations

Journal of Marine Research

Phytoplankton
®)

Ammonium
N

Bacteria Zooplankton Detritus
(B) @ )
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Figure 1. Diagrammatic representation of a nitrogen-based model of mixed layer plankton and
nitrogen cycling showing the compartments and the modelled nitrogen flows among compart-
ments and between compartments and the deep ocean.

Fasham 1990
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B. SYSTEM DOMINATED BY THE MULTIVOROUS WEB
SINK

Surface-bound DOC | == @
| Py
’ 4
DOC diffused in

the bulk phase

Protozoa
(1 -200 pm)

Legendere & Rassoulzadegan 1995
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Bacteria pico-heterotrophs; remineralise dissolved and pariiculate
organic matter
pico-autotrophs; contribute to primary production but not to
export of carbon

—~
&)
v J N_-fixers; control total amount of reactive N

calcifiers; produce more than half the marine carbonate flux,
sensitive to pH

Phyto-plankton

DMS-producers; influence atmospheric sulphur cycle
mixed; the background biomass of phytoplankton

silicifiers; contribute to export of carbon to deep ocean
proto; graze on small phytoplankion, conirol blooms

mese; graze on all sizes of plankton, preduce fast-sinking
faecal pellets which export carbon

macro; graze on all sizes of phyto-plankton and produce
fast-sinking faecal pellets
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HORIZONS

Plankton tunctional type modelling:
running betore we can walk?

THOMAS R. ANDERSON
NATIONAL OCEANOGRAPHY CENTRE SOUTHAMPTON, UNIVERSITY OF SOUTHAMPTON, WATERFRONT CAMPUS, SOUTHAMPTON SO14 32H, UK
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Communicating editor: K J. Flynn

Biogeochemical ¢ycling in marine systems is intimately linked to the actinity of specific plankton
Junctional types (PFTs) such as diatoms, cocelithophioves and nitregen fixers, thereby providing a
Jocus _for contemporary modelling studies. Incorporating extra complexity beyond simple nutrient-
phytoplankton-zooplankton-detritus (NPZD) models is, however, fraught with difficulties: poorly
understood ecology; lack of data; ageresgating diversity within _functional groups into meaningful state
wiriables and constants; sensitivity of oulput to the parameterizations in question and their physical
and chemical environment. Although regional models addressing the seasonal succession of plankton
bypes have achieved some degree of success, predicted distnbutions of PFTs in global biogeochemical
models have thus far been less than conwincing. While the continued articulation of detail in
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It is relatively straightforward to
formulate more complex models to
include explicitly different
functional groups of phytoplankton,

zooplankton and bacteria, and to
include regulation by multiple
nutrients such a

nitrate, ammonium, silica, and iron.

Denman 2003
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However, the number of parameters that
must be specified from observations

increases approximately as the square of
the number of compartments and quickly

surpasses our ability to constrain

them properly from observations.
Moreover, ecosystem models often become
unstable for small changes in parameter
values, and increasing complexity may not
lead to increased stability.

Denman 2003
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Attempts at simplify (paraemterization) exist ..

Primary Total grazing
Production 2 (P)

(1-G(N;)) g.(P) Microbial
Loop

Meso-grazing
G(A’vi ) g r(P )

‘New' Nitrogen
(from mixing and

upwelling) Export

Production

.. but also Armstrong, Denman ...

Steele 98

implicit treatment
of the microbial
loop.

the proportion of
total grazing that
flows directly to
mesozooplankton,
can vary according
to nitrate
availability or total
phytoplankton
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(b) Microbial-hub
version of the
model

Legendre & RIvkin 2008

all heterotrophic microbes

R

are grouped together in
',,<— BACT] the HUB, whereas larger
P i
| co |

heterotrophs are grouped
into a metazoan

compartment (METAZ)

2

Microbial-hub
summary
Microbial-loop flows respiration flows

[... in ogni modello ci sara sempre qualche grado di
disfunzionalita]




Effectiveness frontier

Costanza & Sklar (1985)

Effectiveness

20 25
Articulation

The main recommendation | o
is that the use of a single Hakanson (1995).

‘ultimate’ ecosystem model is
ill-advised, while the
comparative and confirmatory
use of multiple ‘minimum-
realistic’ models is strongly ' o,
recommended (Fulton 2003) n (number of x-variables)
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are simple models that simple?

riareation

A closer look to the BIOLOGICAL term




Detitus degradation

riareazione -degradazione
-degradazione

I T

A closer look to the BIOLOGICAL term
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are simple models that simple? q (® T T

riareation Detitus degradation Photosynthesis and Phyto
nutrient assimilation mortal

oxygen riareazione -degradation photosynthesis -

degradation -photosynthesis -

Plankton

nutrient

A closer look to the BIOLOGICAL term




nutrient

A closer look to the BIOLOGICAL term
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PHYTO GROWTH (PHOTOSYNTESIS)

MULTIPLICATIVE MODEL

Photosyntheis varies with environmental
factors.

It is max at optimal level of I, T, & Nut (N,P)

u=ull,T,N)=u,. . fWN)F(P)r)rT

Growth rate = max value * adimensioanl factor
ranging from O to 1.

Each factor defines the extent of growth limitation
because of suboptimal environemental conditions
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LASSITER* STEELE * MONOD
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..but alternative way to combine limitations was proposed

MULTIPLICATIVE

u=ull,T,N)=u,. fWN)r@)rT)

MINIMUM (Liebig)

u =, minyf (V) £} £(T);

U =t S (1) @ )miny (V) £(P)f
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..as well as differnet ways to describe limitation

Example of f(T) no hinibition, no limit

van't hoff

Arrenhius (Q10)

... hon normalized to 1 !!!
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Inibhition

Normalized to 1

>




10

Temperature (°C)

Temperature

Grazing rate

Number of cocoone opaned
per mammal per day

n
IS
o

-
2]
o

@
o

Bianna
Pe.romyswa

ST Ml R (N TR NN T N SR

200 400 &S00 800 1000

Number of cocoons per acre (1000s)

100 150 200 250

Biomaes (g m—)

Blanm
Peramyocuo

e
s

L._-,‘Qi‘;i" 1 | 1 | 1 |

200 400 &S00 800

Number of cocoons per acre (1000a)




200 250 300 5 100 150 200 250 300
PAR

)

>

NH," inhibition factor
=
=

=)

to
o
to

Nutrient limitation factor

1 2 3 1

Nutrient concentration NH ,*concentration

z




0.18 [h-1] max growth rate for phyto (optimal values of T , I and nutrients)
0.006 [h-1]  death rate for phytoplankton
0.003 [h-1]  respiration rate for phytoplankton
0.05 [mg N/L] halfsaturation constant for nitrogen assimilation
0.01 [mg P/L] halfsaturation constant for phosphorus assimilation
271[°C] optimal temperature for phytoplankton growth
41 [°C] inhibition temperature for phytoplankton growth
0.15[°C-1] Lassiter e Kearnes exponential coefficient
0.15 mg N/mg C N/C ratio in phytoplankton (Redfield ratio)
rpc 0.023 mg P/mg | N/C ratio in phytoplankton (Redfield ratio)
Light parameters
Topt 50000 [lux]  optimal light for phytoplankton growth
KselfPhy 4. [mg C-Phy/L] self-shading coefficient for phytoplankton
Kest 1.0 [m-1] shading coefficient
Parameters of zooplankton dynamic
Kgr 0.04 [h-1] max grazing rate
Kgphyto 1. [mg C-Fito/L] halfsaturation constant for grazing formulation
KmZoo 0.006 [h-1]  death rate for zooplankton
KeftZoo 0.5 [dimensionless] grazing efficiency
KeZoo 0.002 [h-1]  excretion rate for zooplankton
Parameters of nitrogen dynamic
Knit 0.0043 [h-1] nitrification rate at 20°C
Kdenii 1.6 [mg NO3-/1/h] denitrification rate
Parameters of sediment and detritus dynamics
KdecDet 0.0048 [h-1] decay rate of organic detritus at 20° C

NO DEFAULT OPTIONS:
YOU HAVE TO KNOW WHAT YOU ARE DOING

28 parametri
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B. SYSTEM DOMINATED BY THE MULTIVOROUS WEB
SINK

DOC diffused in
the bulk phase |

Large
Zooplankton

Figure 1. Diagrammatic representation of a nitrogen-based model of mixed layer plankton and

nitrogen cycling showing the compartments and the modelled nitrogen flows among compart-

8 yeng & E 8 8 B ¥ig 5 Scherre of the sate varishiea and pelage intractons of the heogeodwrriatry modd. Laving (cgmic ) Cherpcal unctoeal Farrdiea (CF ¥ are

ments and between compartments and the deep ocean. inckcatir] with b okt s ane b s, aoe-tev g crganc 3% 3 wih thin-line x e boms and inoegrie (3 2 with rounded boves (o fed ster
Badcord and Radbond, 1995

(a) Food-web model (b) Microbial-hub
version of the
model

How complex shuold a model be ?

(how simple can a model be) ?
IM‘?COQ h;licrobial-hub

summary
Microbial-loop flows respiration fiows
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4) ...nature is not be simple...

.. And granted that oceanograpic
models are disfunctional:

What can we gain in using more
functional (but also more complex)
representation?

is it worth?

‘Keep the model as simple as possible
& as compex as needed’?
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Calibration and parameters identifiability

Not all paraemters can be identified by calibration
(fitting vs experiemtnal observation)

problems are:
over and/or underdetermination (# eqs vx # unknown)
no exact solution
existence of multiple optimal solutions

(there are more than one combianation of parameters which
give the same fit. This is WITHIN equations and cannot be solved)




